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CURRENT TEACHING PRACTICES IN SCIENCE AND 
MATHEMATICS IN INDIANA ELEMENTARY SCHOOLS 

Abstract 

In December of 1986 and January of 1987 , questionnaires on 
teaching practices in science and mathematics were sent to 
elementary school principals across the State of Indiana. The 
first questionnaire, completed by 301 administrators, concerned 
manipulative use in science and mathematics. The second 
questionnaire, completed by 317 administrators, contained 
questions dealing with problem-solving instruction and computer 
usage in science and mathematics. Results of the study include 
findings that: (a) manipulatives were used to teach science more 
frequently in grades 3-5 than in qrades K-2, (b) manipulatives 
were used to teach mathematics more frequently in grades K-2 than 
in grades 3-5, (c) problem-solving was given greater emphasis in 
grades 3-5 than in grades K-2 in science and mathemabics, (d) 
computers were used for science anJ mathematics instruction more 
in grades 3-5 than in grades K-2, and (e) drill and practice was 
the most common application of the computer to science and 
mathematics instruction. Copies of the questionnaires are 
included in the report. 
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Introduction 



Early in 1986, Harold Harty and Peter Kloosterman from Indiana University 
were completing a study on an expected shortage of mathematics and science 
teachers at the secondary level in Indiana • Surprisingly, that study 
indicated no major shortage of high school teachers in those fields 
(Kloosterman & Harty, 1986). Based on that finding, it was decided that 
improvement in mathematics and science training in Indiana might be needed 
more at the elementary rather than the secondary level* Data on mathematics 
and science instruction at the elementary level were, however, incomplete. 
Harty and Kloosterman spoke with Don Small, executive director of the Indiana 
Association of Elementary and Middle School Principals, and with Jerry 
Colglazier of the Indiana Department of Education about the possibility of 
collecting data on mathematics and science instruction at the elementary level 
throughout Indiana. Based on those discussions, Harty, Kloosterman, and Small 
submitted a research proposal to the Indiana Department of Education on March 
12, 1986* The proposal and budget were approved by the Department of 
Education but unavoidable delays made it impossible to collect data in May of 
1986 as was the original plan. The timeline for the project was rewritten in 
a revised proposal so that data were collected in the fall and winter of 1986. 
Financial resources, while remaining at the same funding level as the original 
proposal, were reallocated in the revised proposal to allow hiring of a 
graduate student (Jack Matkin) to aid in the data collection and analyses. 
Funding on the project was set to expire in May of 1987 but teaching schedules 
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and other commitments forced extension of the funding expiration date to June 
15, 1987. This final report was written in June, July, and early August of 
1987. 
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Background Information 

M anipulative s 

The use of manipulatives in the teaching of elementary school has been 
advocated for a number of years. Fennema (1972) stated that concrete models, 
when used appropriately, maka meaningful learning of ideas more likely. 
Suydam and Higgins (1977) reviewed studies involving manipulative use in 
mathematics and concluded that using manipulative materials over a period of 
time is likely to improve student achievement in mathematics. Parham (1983) 
used meta-analytic techniques on data from 64 studies to again conclude that 
manipulative instruction in was superior to non-manipulative instruction in 
most instances. Post (19e0) noted that textbooks, by their two-dimensional 
iv.ture, cannot provide the concrete experiences students need to gain initial 
understanding of concepts. Herbert (1985) spoke cf the motivational 
advantages of using manipulatives to teach mathematics. The introduction of 
calculators and computers into our society, has, if anything, increased the 
importance of using concrete manipulatives in the teaching of mathematics 
(Impact of Computing, 1985). 

While the research studies and summaries cited above indicate that use of 
nanipulatives generally results in increased achievement as compared to 
non-manipulative instruction, it is also clear that when manipulatives are not 
appropriately related to abstract ideas, their use may be of little value 
(Fennema, 1972; HedJens, 1986; Post 1980; Suydam & Higgins, 1977). Larson and 
Slaughter (1984) looked at teacher use of manipulatives in nine classrooms and 
found that teachers often failed to relate concrete models to mathematical 
equations and algorithms. Students in those classes were having a hard time 
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making associations between concrete, pictoral, and symbolic representations 
of mathematical concepts. The issue of whether grade level should be a factor 
in using manipulatives is also important, Manipulatives appear to be used 
more often in primary as opposed to intermediate grades under the assumption 
that younger children need more hands-on experiences (Leeb-Lundberg, 1985; 
Suydam, 1984). Herbert (1985), however, speaks of the benefits of using 
manipulatives with middle school students. 

Despite the importance of manipulatives in teaching, data concerning 
manipulative use in elementary school classrooms are incomplete and out of 
date. Reporting on surveys from the mid-1970s, Fey (1979) noted that of the 
K-6 teachers studied, nearly half reported that their students used 
manipulatives less than once a wesk if at all. Clearly, some teachers, such 
as those using the manipulative-oriented Mathematics Their Way text 
(Baratta-Lorton, 1976) use manipulatives frequently and effectively in the 
teaching of mathematics. Many other teachers, however, appear to use 
manipulatives little if at all. The current study was designed to assess the 
extent of manipulative use across a large sample of schools. General 
questions addressed by the study included the extent to which teachers had 
manipulatives available to them, how often teachers used manipulatives, 
whether manipulatives were used more frequently in the primary or the 
intermediate grades, and whether manipulatives were used more for building 
computational skills or for promoting understanding of broad concepts. 
Problem Solving 

The teaching of problem solving has been noted, in recent years, as the 
key to good instruction. The Agenda for Action published by the National 
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Council of Teachers of Mathematics in 1980 began with the recommendation that 
"problem solving should be the focus of school mathematics in the 1980s" 
(p.1). As we move toward the close of the 1980s, that recommendation is a 
goal which has yet to be accomplished. We are, however, much closer to 
achieving the goal than was the case several years ago* Virtually all 
mathematics textbooks being sold for use in elementary and secondary schools 
claim to teach problem solving, A variety of supplemental materials such as 
the Problem-Solving Experiences in Mathematics series (Charles & Lester, 1985) 
and the Problem-Solving Sourcebook series (Nibbelink & Shepardson, 1985) are 
available to aid in the teaching of problem solving in elementary and middle 
schools • Knowledge about evaluating student progress in problem solving is 
becoming much more plentiful as evidenced by the recent publication of How to 
Evaluate Progress in Problem Solving (Charles, Lester, & O'Daffer, 1987), 

Unfortunately,, not all problem-solving materials in texts are as well 
written as they could be. In addition, even good problem-solving materials do 
not necessarily insure problem-solving instruction. Commitment of teachers 
and principals to making problem solving the focus of school instruction is 
essential if problem solving is to become an integral part of the curriculum. 
This is particularly true in the elementary school where many individuals 
still seem to see mathematics instruction as Stake and Easley (1978) found it 
ten years ago, primarily devoted to helping children learn to compute. The 
third mathematics assessment of the National Assessment of Educational 
Progress found little change in the mathematics proficiency of nine-year-old 
children between 1973 and 1982 (Carpenter, Matthews, Lindquist, and Silver, 
1984)* Some improvement took place for thirteen-year-old students during that 
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period but the improvement was on computational items* Problem-solving 
performance was poor and relatively stable for both age groups studied 
throughout that period (Carpenter et ai., 1984). It is hoped that data from 
the fourth national assessment will be more positive but the overall picture 
is clear, elementary school students are not consistently being taught to be 
good problem solvers* 

While acceptance of problem solving as the primary goal of school 
instruction seems to be gaining in popularity at a modest pace, the need for 
the goal is as strong as ever* Some degree of computational skill is 
important for children, yet computers and calculators have made the need for 
students to be fast and accurate at computations obsolete (impact of 
Computing, 1985; Williams, 1987). As deciding which concepts mt'st be applied 
to solve a problem is a that task computers and calculators cannot perform, 
developing the problem-solving skills of elementary school students is the 
obvious goal to replace excessive proficiency at computation (Osborne & 
Kasten, 1980), 

The purpose of the study reported here was to determine the extent to 
which problem-solving and critical-thinking skills were becoming an integral 
part of the curriculum of elementary schools* As has been noted, 
problem-solving skill should be the first and foremost goal of mathematics 
instruction at all grade levels, yet in many instances the myth that 
problem-solving instruction can come only after computational skills are 
developed still prevails. Particular attention was given to the issue of 
whether or not problem solving was taught more frequently in the upper as 
opposed to lower elementary grades* 
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Computers 

Computers are rapidly becoming a part of elementary school education 
throughout much of the United St- tea. Becker (1986) reported that the 
majority of U.S. elementary schools had five or more computers. The extent to 
which computers are actually used in elementary schools varies as evidenced by 
a survey of elementary school teachers in Fort Worth that indicated 79% never 
used computers (Seidman, 1986). In a South Carolina study, Dickey and 
Kherlopian (198?) found 70% of the elementary mathematics and science teachers 
they surveyed had access to computers but only 43% actually used them. 
Kloosterman, Ault, and Harty (1987) noted a variety of computer uses in 
elementary schools where substantial effort had been put into using computers. 
While computers can be used in many ways to teach almost any subject, a 
majority of teachers in elementary schools feel the best use of computers is 
for computer assisted instruction (Becker, 1986). Indeed, computer assisted 
instruction means using the computer to teach academic content to students and 
thus computer assisted instruction should be the focus of inquiry when 
computer utilization to teach elementary school mathematics is being studied. 

Computer assisted instruction (CAl) has been divided into various 
classifications by different authors. The predominant use of CAI has been 
drill and practice (Elron, 1983? Long, 1985). Ninety-four percent of the 
elementary teachers surveyed by Dickey and Kherlopian (1987) who used software 
indicated they used drill and practice with their students. Despite an 
introduction to programming and other types of software, elementary teachers 
in an inservice computer course chose to complete drill and practice rather 
than other types of projects for teaching mathematics to students (Ponte, 
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Norman, Davis, Eshun & Jensen, 1986). 

While drill and practice is the most common type of software used in 
teaching elementary school mathematics and science, tutorial, simulation and 
problem solving software are al~o used (Glass, 1984; Hatfield, 1984; Heck, 
Johnson & Kansky i981)« Fifty-six percent of the computer-using elementary 
teachers in the Dickey and Kherlopian (1987) study used tutorials, 19# used 
simulations, and 3&% used software designed to promote problem solving. Eiser 
(1986) has noted that what is called problem-solving software can involve a 
variety of skills but many of these are skills such as finding geometric or 
numeric patterns and breaking a task into manageable parts are important goals 
of elementary mathematics instruction which are seldom met (Carpenter, 
Matthews, Lindquist, & Silver, 1984)* In general, simulation and problem 
solving software fore* students into much more complex thought than is 
necessary for drill and practice programs (Elron, 1983; Fuller, 1986; Norton, 
1985). 

As has been discussed, the potential and actual uses of computers for 
mathematics and science instruction are varied. Effective use of computers in 
elementary school instruction has, however, been continually recommended. The 
Agenda for Action , published by the National Council of Teachers of 
Mathematics (NCTM) in 1980, recommended that mathematics programs take full 
advantage of the power of computerr at all grade levels. That recommendation 
was affirmed at a 1984 ItfCTM conference on using computers in mathematics 
instruction (impact ol Computing, 1985). NCTM published its 1984 yearbook 
(Hansen, 1984) on computers to promote their use. A conference sponsored by 
NCTM and the U.S. Department of Education proposed a task force to help make 
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computer courseware compatible with curriculum guidelines for teaching 
mathematics (Romberg, 1984). Since 1985, elementary school mathematics texts 
have included computer activities (Westly, 1985). In short, the issue of 
computer use in elementary school instruction is not one of "if" but rather 
one of "when" and "how". While any survey of computer use is out of date 
almost as soon as it is published, the survey reported here is an attempt to 
determine, as of late 1986, the extent and type of computer use for the 
teaching of mathematics and science in Indiana elementary schools. 
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Method 

To determine the extent to which manipulative materials, problem 
solving/critical thinking, and computers are impacting elementary school 
mathematics and science instruction in Indiana, two questionnaires were 
designed, validated and then mailed to elementary school principals throughout 
the state. Details on the sample and data collection procedures will be 
presented after explanation of the instruments. 
Instruments 

Questions concerning manipulative s, problem solving, computers, and 
inservice needs were written and arranged into two sets, one for each of the 
two questionnaires. Two questionnaires were used to keep the time necessary 
to complete the instruments to a minimum. Questions on the first instrument 
centered around the use of manipulative materials in elementary school 
classrooms. Questions on the second instrument centered around the issues of 
problem solving/critical thinking, computers, and inservice needs. Each 
question had a mi .tiple response format for which the respondent had only to 
choose the best response. For each question, the respondent was to provide 
four separate answers, one for each of the subcategories of: (a) mathematics 
in grades K through 2, (b) mathematics in grades 3 through 5, (c) science in 
grades K through 2, and (d) science in grades 3 through 5. Responses were to 
be generalizations or averages for all teachers in * school. A space for 
comments was added to the end of each questionnaire. Copies of both 
instruments and cover letters accompanying those instruments are included in 
Appendix A (Indiana Statewide Elementary School Hath and Science Needs 
Assessment Inventories). 
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Content V alidation , Both questionnaires were presented to a validation 
panel for reaction concerning the importance of the questions and the ability 
of elementary school principals to adequately respond to the questions* 
Members of the panel who reacted to the questions included college professors 
and graduate students in mathematics, science, and elementary education; 
elementary school principals, and elementary school teachers. In general, 
most of these individuals were veiry positive about the items as written 
although minor modifications to the questions were made based on auggestions 
from this group. 

In addition to suggestions for revision, the content validation panel was 
asked to rate, on a five choice Likert-type scale, the items on the 
questionnaires. Validation scale rating categories were: (a) 
representativeness of the items from the total pool or universe of items 
dealing with use of manipulatives, (b) degree of congruence between the 
substance of the items and the underlying construct, (c) degree of clarity of 
the items for elementary school principals, (d) potential for the findings to 
impact teacher training and curriculum development, and (e) degree of overall 
usefulness of knowledge production from the study. A Scott's coefficient of 
interrater agreement (Scott, 1955) was calculated across the five validation 
dimensions. The coefficient computed for the mathematics items was 0.73. The 
coefficient computed for the science items was 0.86. These coefficients 
indicate respectable construct validation for the instruments. 

Test-Retest Reliability . Test-retest reliability is the degree to which 
individuals give consistent responses to an instrument over time. High 
test-retest reliability on an instrument is an indication that the instrument 
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is measuring well formulated knowledge or opinions rather than momentary 
thoughts. Test-retest reliability was computed for the instruments use</ 1 
this study by having seven doctoral level graduate students with teaching or 
administrative experience respond to the instruments with respect to their 
most recent elementary school experiences. The students were asked to 
complete the instruments again five weeks later. A test-retest reliability 
coefficient was calculated at 0.67 (p<.05) for mathematics and 0.93 (p<.05) 
for science using the Spearman correlation technique. These coefficients were 
high enough to insure that responses to the questions were stable over time. 

Instrument A: Manipulatives . Questions on the first instrument and 
rationale for asking those questions were as follows. 

A1. What percentage of your teachers have commercially made 

"hands-on 11 materia ls/manipulatives/physical models available for 
use in your school? 
Examples given for mathematics were base-ten blocks, Cuisenaire rods, 
attribute blocks, and pattern blocks. For science, examples were 
thermometers, balances, candles, and live specimens. The five possible 
responses for each subcategory (math K-2, math 3-5, science K-2 and science 
3-5) were: (1) less than 10*, (2) 10* to 39*, (3) 40* to 60*, (4) 61* to 89*, 
and (5) 90* to 100*. 

A2. What percentage of your teachers have teacher-made or 

teacher-collected "hands-on" materials/manipulative/physical 
models available for use in your school? 
Examples given for mathematics were counting sticks, bead sticks, blocks, 
Duttons, and cardboard shapes. For science, examples were leaf collections, 
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tin cans, insect collections, jars, rock collections, rope, and paper bags* 
Response options for question A2 were the same as those for question A1. 

The rationale for including questions A1 and A2 in the survey was that no 
large scale data sets are available which document the extent to which 
hands-on materials can be fo'and in elementary school classrooms. It is 
entirely possible that lack of material use may result in part from lack of 
materials* Hands-on and teacher-made materials were distinguished in 
questions one and two on the assumption that teacher-made materials would be 
less expensive and therefore more readily available in most schools. 
A3* About how many days per school year do pupils use "hands-on" 

materials/manipulatives/physical models (commercial or 

teacher-made)? 

Response categories for item A3 were: (1) less than 10, (2) 10 to 21, (3) 22 
to 41, (4) 42 to 89, and (5) 90 or more. As this question was quite 
straightforward, no illustrative examples were given. 

A4* When "hands-on" materials/aianipulatives/physical models 

(commercial or teacher-made) are used in the classroom, to what 
extent are they used to help pupils "learn the rules" for 
computation, measuring, estimating, etc. rather than understand 
hew or why these ri les work? 
Response categories were: (0) unable to answer, (1) not used at all, (2) 
rarely, once in a great while, (3) sometimes but not often, (4) often but not 
always, (5) most if not all of the time. Mathematics examples given for 
question A4 were that manipulatives could be used to increase speed for 
computations, memorize basic facts, or learn definitions. Science examples 
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for question A4 were to use manipulatives to learn the rules for graphing, 
operationally defining, variable identification, or classification, 
A5. When "hands-on" materials/manipulatives/physical models 

(commercial or teacher-made) are used in the classroom, to what 
extent are they used to get pupils to understand broad concepts 
or to solve problems which require substantial creative 
thinking? 

Response options for question A5 were the same as those for question A4- 
Mathematics examples provided were that manipulatives could be used to 
understand computational procedures, understand multi-step story problems, 
apply computations to real life problems, understand pattern questions, or to 
solve logic problems. Science examples were materials used for explaining 
inductive and deductive approaches, setting up controlled experiments, and 
doing science fair projects. 

The rationale for including questions A4 and A5 was that manipulative 
materials may not aid learning in classrooms where they are used in ways other 
than those specified by materials developers. Mathematical materials are 
usually intended to help children understand broad mathematical concepts such 
as place value although they can be used to foster simple skills such as 
counting. In science, students need to learn how to use materials such as 
thermometers and balances before they are able to use the materials for more 
complex tasks such as setting up controlled experiments. 

A6. How much did (will) your school look for texts that use 

"hands-on" materials/manipulatives/physical models in your most 
recent (current) textbook selection? 
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Response options for question A6 were: (0) unable to answer, (1) was not a 
factor, (2) considered occasionally, (3) considered often, (4) considered 
extensively, and (5) was the main factor . 

Question A6 was included as mathematics textbooks had been adopted 
statewide six months before this survey was sent out and science textbooks 
were being considered for adoption the year the survey was sent. Text 
decisions in the elementary school are very important because of the expense 
involved as well as the fact the text selection does not take place again for 
7 years. Thus school personnel that felt manipulative materials were 
important factors in text selection probably had more of a commitment to the 
use of such materials than did those who did not feel manipulative materials 
were an important factor in text selection. 

A7. On the average, how many minutes per week are devoted to the 
"hands-on" teaching of science and mathematics in each 
classroom? 

Response options for question A7 were: (1) none, (2) 1 to 59 minutes, (3) 60 
to 119 minutes, (4) 120 to 240 minutes, and (5) more than 240 minutes. 
A8. On the average, how many minutes per week are devoted to the 
"non-hands-on" teaching of science and mathematics in each 
classroom? 

Included in the questionnaire was a note that "non-hands-on" teaching was to 
include all teaching except hands-on. Response options for question A8 were 
the same as those for question A7. 

Questions A7 and A8 were included in the questionnaire to determine the 
extent to which mathematics and science are taught in Indiana elementary 
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schools and to get a general picture of the amount the amount of class time 
devoted to manipulative as opposed to non-manipulative activities* 

Instrument B: Problem Solving, Computer Use^ and Inservice Needs * The 
questions included as part of the second questionnaire focused on problem 
solving/critical thinking skills, computer use, and inservice opportunities 
for teachers • The questions and rationales for asking those questions are as 
follows* 

B1. To what extent is your curriculum geared toward problem solving 
and understanding of broad concepts as opposed to "following the 
rules" to complete a computation or get an answer to a science 
question? An emphasis on problem solving and the understanding 
of broad concepts exists: 

Response options were: (0) unable to answer, (1) practically never, (2) once 
in a great while, (3) sometimes, (4) fairly often, and (5) very often. To aid 
in understanding the question, examples were included from mathematics and 
science • The mathematics examples of problem solving and broad concepts were 
understanding of place value and multi-step story problems, applying math to 
real life problems, and solving logic problems. The science examples were 
understanding concepts such as cell, wind, autumn, and sound. 

B2. Approximately how many minutes per week do students spend on 
activities designed to foster "higher level" thinking skills? 
Response options were: (0) unable to answer, (1) none, (2) 1 to 59 minutes, 
(3) 60 to 119 minutes, (4) 120 to 240 minutes, and (5) more than 240 minutes. 
Examples of higher level thinking skills given for mathematics were applying 
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math concepts to new situations, solving pattern problems, and understanding 
of fractional parts* Examples given for science were applying science 
concepts to new situations, learning about inductive and deductive approaches, 
and creating controlled experiments* 

Questions B1 and B2 were included in the questionnaire to obtain general 
information about the extent to which problem solving and critical thinking 
are taught in elementary schools. Question B1 dealt with the goals of the 
school curriculum while question B2 was intended to provide a picture of the 
extent to which teachers worked to achieve the goal of increasing critical 
thinking skills on the part of students. 

B3. How often do teachers bring in activities beyond those found in 
the textbook that promote problem solving and the development of 
"higher order" thinking skills? 
Response options for question B3 were: (0) unable to answer, (1) almost never, 
(2) one to three times per month, (3) four to six times per month, (4) seven 
to nine times per month, and (5) ten or more tines per month. 

B4. How much of a factor were (are) the teaching of problem solving 
and promoting the development of thinking skills in your rost 
recent (current) textbook selection? 
Response options for question B4 were: (0) unable to answer, (1) were not 
factors, (2) considered occasionally, (3) considered often, (4) considered 
extensively, and (5) were the main factors. 

Questions B3 and B4 were included as proxies for teacher and school 
commitment to the goals of developing problem solving and critical thinking 
skills in the elementary school. Teachers who provide supplemental problem 
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solving activities, as suggested in question B3, have shown commitment to 
developing higher order thinking skills. Schools and teachers that have 
looked for texts that promote problem solving and critical thinking, as 
assessed in question B4, have shown commitment to teaching these a. ills and 
thus these questions were deemed appropriate. 

The next questions on Instrument B dealt with the issue of computer use 
for instruction in mathematics and science. Computer use was divided into the 
four categories of (a) drill and practice, (b) tutorial, (c) simulation, and 
(d) problem solving/critical thinking. The format of this question varies 
from that of othei questions as the respondent was asked to specify the amount 
of computer use in each of the four categories. To make explanation of the 
results of the computer question easier, it will be treated as four separate 
questions, numbers B5 to B8. 

B5. How many minutes per week will an average pupil use the computer 

(alone or in a small group) to practice previously learned 

material? 

B6, How many minutes per week will an average pupil use the computer 
(alone or in a small group) to learn new iniormation or subject 
matter? 

B7. How many minutes per week will an average pupil use the computer 
(alone or in a small group) to learn by way of a computer 
simulation? 

B8. How many minutes per week will an average pupil use the computer 
(alone or in a small group) to attempt to develop 
problem-solving and/or higher-order thinking skills? 
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Resr^e options were: (1) not at all, (2) 1 to 30 minutes, (3) 31 to 60 
minutes, (4) 61 to 120 minutes, and (5) more than 120 minutes. For category 3 
(simulations) clarifying examples were included. The mathematics examples 
were "operate" a lemonade stand and "run" a store. The science examples were 
flow of a drop of blood in the human body, life cycle of a frog, and 
reproduction of a cell. 

The final question on Instrument B aimed at administrative commitment to 
teaching problem solving/critical thinking and to the use of computers by 
asking about availability of teacher inservice on these issues. To make 
explanation of the results of this question easier, it has been treated as two 
separate questions, numbers B9 and B10. 

B9. Inservice training/preparation is available to teachers on 
hands-on manipulatives and/or problem solving: 

B10. Inservice training/preparation is available to teachers on 
computer assisted or managed instruction: 
Response options questions B9 and B10 were (1) less than once every two years, 
(2) once every two years, (3) once a year, (4) once a semester, and (5) two or 
more times per semester. 
Sample 

Elementary school principals were chosen to respond to the questionnaires 
as it was expected they would be the individuals with the best overall picture 
of instructional practice within a given elementary school. As this study was 
done in cooperation with the elementary and middle school principals 1 
association of Indiana, members of the association constituted the main body 
of the sample. Approximately 65% of the public elementary principals in the 



24 



state are members of the association* Many of the private elementary school 
principals in the state are also members of the association although private 
schools teach less than 10% of Indiana's students in grades K-12, The 
membership list of the principals association was divided into two groups with 
all odd numbered members receiving instrument A and all even numbered members 
receiving instrument B. Members of the association who were not active 
elementary school principals (e.g. curriculum supervisors, middle school 
principals) were not included in the sample. In addition to members of the 
association, each form of the questionnaire wes sent to 50 randomly selected 
public elementary school principals in the state who were not members of the 
association* Using this sampling methodology, instrument A (hands-on 
manipulatives) was sent to 421 principals and instrument B (problem solving, 
computers, and inservice) was sent to 414 principals. 
Procedure 

Questionnaires and postage paid return envelopes were mailed late in the 
fall of 1986. Accompanying each questionnaire was a cover letter signed by 
the State Superintendent of Public Instruction along with the principal 
investigators of the study (Appendix A: Indiana Statewide Elementary School 
Math and Science Needs Assessment Inventories). Instructions for completing 
the instrument were included in the cover letter and on the instrument itself. 
Included in the instructions was assurance of confidentiality of results. A 
second mailing of the instrument to those who had not returned it took place 
in January, 1987* 

Instructions in the cover letter included a return date and examples of 
manipulatives (Instrument A) or problem solving (Instrument B). The 
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instructions for Instrument A included a statement noting that questions 
concerning the use of hands-on manipulatives should be answered with respect 
to student use of the materials. A teacher who used manipulatives to 
demonstrate but did not allow the students to use the manipulatives themselves 
was, for the purposes of the survey, not to De considered using manipulatives 
in her/his classroom. Detail on the definition of problem solving/critical 
thinking skills was provided in the instructions for Instrument B. 

In addition to definitions of manipulatives or problem solving, cover 
letters for the instruments noted that responses to the items should be 
indicative of the average or typical teacher in the school. It was suggested 
that the principal pole his or her teachers or ask teachers for help in 
completing the questionnaire to provide an accurate picture of practice in the 
school. 

Data from the questionnaires were tabulated by computer. Frequencies, 
means, and standard deviations were calculated for each part of each question. 
T-tests were used to determine significant differences in responses between 
questions. A probability level of p<.01 was used to determine statistical 
significance for the study. 
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Results and Specific Conclusions 
After two mailings, 301 (71%) of the manipulatives questionnaires 
(Instrument A) were returned. Eighty-one percent of these were completed by 
principals alone, 2% were completed by teachers and principals together, 6% 
were completed by one or more teachers without input from the principal, and 
11% were completed by some other individual or group, A one-way analysis of 
variance performed by respondent group for each question revealed a 
statistically significant difference (p>.05) on only the K-2 level response on 
one of the eight questions and thus responses for the groups were pooled. In 
addition, a t-test indicated there was no statistically significant difference 
(p>.05) between responses of members and non-members of the principals' 
association and thus responses of these groups were also pooled. 

Return rate for the problem solving/computer use questionnaire 
(Instrument B) was very similar to that oi the manipulatives questionnaire. 
Three hundred and seventeen (76%) of the questionnaires were returned. 
Seventy-six percent of th^se were completed by principals alone, 5% were 
completed by teachers and principal together, 10% were completed by one or 
more teachers without input from the principal, and 9% were completed by some 
other individual or group. There were statistically significant differences 
between responses of principals and non-principals at one grade level for two 
questions. There were no statistically significant differences between 
members and non-members of the principals 1 association. Thus, responses were 
pooled across groups for each question on Instrument B. 
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Results; Manipulatives - Mathematics 
Table 1 shows the percentage of the respondents selecting each choice for 
each of the eight questions for grades K-2 am 3-5. Several statistics in the 
table are worthy of special note. Questions 'I and 2 dealt with the 
availability of manipulatives in the classroom. In grades K-2, 40% of the 
respondents indicated almost all teachers had commercially-made manipulatives 
available to them (question 1 ) and 42# indicated almost all teachers had 
teacher-made manipulatives available to them (question 2). Very few 
respondents (3% on question 1 and 7% on question 2) indicated no teachers had 
manipulatives available to them. Fifty-eight percent of teachers in grades 
K-2 use manipulatives 42 or more days per year while only 33% of teachers In 
grade 3-5 use manipulatives this often (question 3). The high percentages on 
response options 3 and 4 for questions 4 and 5 indicate that manipulatives are 
used both to help students learn computational skills and to understand broad 
concepts. Frequent middle range responses to question 6 indicate that 
manipulative use was of moderate concern L\ the selection of mathematics 
textbooks. Responses to questions 7 and 8 indicate that almost all teachers 
use some combination of hands-on and non-hands-on instruction as only 2 to 3 
percent of the respondents selected choice 1 (none) for these items. 

Table 2 gives means, standard deviations and t-test results for 
statistically significant differences between responses for grades K-2 and 
3-5. Note thfac responses of »»0" (unable to answer) were not included in the 
statistics for questions 3 through 6 of Table 2 and thus the sample size for 
these items is somewhat smaller than for items 1 and 2. All comparisons shown 
in Table 2 were statistically significant at the jK.01 level. 
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Table 1 

Response Percentages for Each Question for Grades K-2 and Grades 3-5 (N=301) 



Grades K-2 Grades 3-5 

Question 







0 


1 


2 


3 


4 


5 


0 


1 


2 


3 


4 


5 


1. 


Teachers having 

commercially-available 

manipulatives a 




7 


21 


15 


17 


40 




17 


24 


17 


16 


26 


2. 


Teachers having teacher- 
made manipulatives 8 




3 


12 


20 


23 


42 




9 


22 


27 


19 


23 


3. 


Davs Der vear dud! Is use 
manipulate ves^ 






11 


26 


2Q 


2Q 




o 




34 


23 


10 


4. 


Use of manipulatives to 
"learn the rules" 0 


4 


"I 


9 


31 


44 


11 


4 


1 


14 


42 


34 


5 


5. 


Use of manipulatives to 
under stand concepts 0 


3 


3 


16 


31 


37 


10 


2 


1 


19 


42 


28 


8 


6. 


Extent to which 
manipulatives were 
considered in textbook 
selection** 


6 


5 


22 


29 


3U 


8 


5 


7 


22 


32 


23 


6 


7. 


Time per week spent on 
"handp-on" teaching e 




2 


44 


37 


15 


2 




3 


66 


22 


8 


1 


8. 


Time per week spent cn 
"non -hands-on" teaching e 




2 


17 


31 


44 


6 




2 


10 


19 


56 


13 







less than 1 056 


2 




1056 to 39$ 


3 


= 40% to 6056 


4 




6156 to 895? 


5 




90% to 100% 






bl 




less than 10 


2 




10 to 21 


3 


= 22 to 41 


4 




42 to 89 


5 




90 or more 










not used at all 


2 




once in a great while 


3 


= not often 


4 




often, not always 


5 




most or all of the time 






dl 




was not a factor 


2 




considered occasionally 


3 


= considered often 


4 




considered extensively 


5 




was the main factor 






e 1 




none 


2 




1-59 minutes 


3 


= 60-119 minutes 


4 




120-240 minutes 


5 




more than 240 minutes 
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Table 2 

Means, Standard Deviations, and t-Test Results Comparing Manipulative Use in 
Grades K-2 to Grades 3-5 





Question 






N 


uraaes k—c 
M SD 


Grades 3-5 
M SD 


t 


1. 


Teachers having 

f\ ^V«v»m% A noil TF nlfrt 1 1 O T\ 1 

commerci any "avaiiaoie 
manipulatives 8 






2S 


3.62 1.37 


3.11 


1.47 


9.01** 

> 


0 

<— • 


icaHIcra I la /Xilg Lt? aUI.'ri — 

made manipulatives 8 






9 on 


-i r\r\ a a C 


3.27 


1.28 


1 1 . 83** 


3. 


Days per year pupils use 
manipulatives** 






289 


3.66 1.15 


3.04 


1.11 


11.32** 


4. 


Use of manipulatives to 
"learn the rules" 0 






277 


3.58 .85 


3.31 


.83 


6.38** 


5. 


Use of manipulatives to 
understand concepts 0 






283 


3.37 .98 


3.24 


.89 


3.18* 


6. 


Extent to which 
manipulatives were 
considered in textbook 

OvlClrf vJL\JH 






274 


3.15 1.03 


3.05 


1.03 


2.80* 


7. 


Time per week spent on 
"hands— on" 1x>R(*hir\&Q 






287 


2.69 .82 


2.37 


.74 


7.98** 


8. 


Time per week spent on 






287 


3.33 .91 


3.67 


.88 


-8.98** 


a 1 
4 


= 61% to 89% 


o 
c. 

5 


= 


10% to 
90% to 


39% 
100% 


3 = 


40% to 60% 


4 


= less than 10 
= 42 to 89 


2 
5 




10 to 21 
90 or more 


3 = 


22 to 41 




4 


= not used at all 
= often, not always 


2 
5 




once in 
most or 


a great while 
all of the time 


3 = 


not often 




4 


= was not a factor 

= considered extensively 


2 
5 




considered occasionally 
was the main factor 


3 = 


considered often 


ei 
4 


= none 

= 120-240 minutes 


2 
5 




1-59 minutes 

more than 240 minutes 


3 = 


60-119 minutes 



*£<*01; **£<.001 
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Table 3 

Means, Standard Deviations, and t-Tests Comparing Aspects of Manipulative Use 



Question A Question B 

Questions Being Compared 

N M SD M SD t 



1. 


Question 1 
grades K-2 


vs. 


Question 


2, 


295 


3.62 


1.38 


3.91 


1.16 


-4.53** 


2. 


Question 1 
grades 3-5 


vs. 


Question 


2, 


294 


3.11 


1.47 


3.26 


1.28 


-2.02 


3. 


Question 4 
grades K-2 


vs. 


Question 


5, 


279 


3.56 


0.85 


3.37 


0.97 


3.08* 


4. 


Question 4 
grades 3-5 


vs. 


Question 


5, 


281 


3.30 


0.83 


3.23 


0.88 


1.27 


5. 


Question 7 
grades K-2 


vs. 


Question 


8, 


292 


2.70 


0.82 


3.33 


0.91 


-8.57** 


6. 


Question ? 
grades 3-5 


vs. 


Question 


8, 


291 


2.37 


0.73 


3.68 


0.89 


-18.55** 



*£<.01; **£<.001 
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These comparisons were statistically significant for both grade level 
categories surveyed although the difference in the means of the two groups was 
considerably greater for grades 3-5. 

Discussion: Manipulatives - Mathematics 
Availability of mathematical manipulatives for teachers was the first 
major question addressed in this study* Eighty-five percent of the 
respondents indicated that at least 40% of the K-2 teachers in their schools 
had teacher-made manipulatives available to them (Question 1, Table 1). The 
corresponding statistic for grades 3-5 was 79% (Question 1, Table 1). 
Commercially-available manipulatives were provided significantly less often in 
grades K-2 but about the same amount in grades 3-5 (Comparisons 1 and 2, Table 
3). Comments provided on some of the questionnaires indicated more concern 
about materials availability than was apparent from responses to specific 
questions* For example, one respondent noted "Hands-on materials (commercial) 
are beyond the budget of our elementary schools" and another said "Several 
teachers have indicated that they would love to use more manipulatives and 
models if the funding were available for the purchase of them or the materials 
to make them". In short, the data reported in Table 1 indicate that a 
majority of teachers have some sort of manipulatives available to them* Many 
of the written comments, however, were in agreement with a finding reported by 
Fey (1979) that the most serious problem in teaching mathematics mentioned by 
elementary school teachers was insufficient funds for purchasing equipment and 
supplies* It is possible that this discrepancy is due to the fact that while 
teachers have some materials available to them, additional quantities and 
types of manipulatives would be useful* 
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Results from questions 3 and 4 (Table 1) of the survey instrument 
indicate that manipulates sre used both to help students learn facts and 
rules and +o develop broad mathematical ideas. While manipulates are 
intend- i to promote understanding more than they are intended to aid 
memorization (Driscoll, 1980), increased understanding often makes 
memorization easier and thus manipulates can be thought of as aids to 
learning rules. The fact that manipulates were used to learn rules 
significantly more than to understand concepts only in grades K-2 (Table 3, 
Comparisons 3 and 4) is probably attributable to the commonly held belief that 
skill development should be the foremost goal of the primary grades (Fey, 
1979). 

On the question of manipulative (hands-on) as compared to 
non-manipulative (non-hands-on) mathematics teaching, results tend to 
revalidate findings reported by Fey (1979) that non-manipulative instruction 
is more prevalent. Some teachers do have and use manipulates. Fifty-eight 
percent of primary grade (K-2) and 33# of intermediate grade (3-5) teachers 
were reported as using manipulates at least 42 days per school year 
(Question 3, Tablf 1), or more than once a week. Non-manipulative 
instruction, however, is predominant. In grades K-2, manipulates were used 
at least 60 minutes per week 54% of the time (Question 7, Table 1) while 
non-manipulative instruction took place at least 60 minutes per week 81ff of 
the. time (Question 7, Table 1). This difference was statistically significant 
(Comparison 5, Table 3). A comment on manipulative use offered by one 
respondent was that "This is not the way we were taught to teach! . . . Monsy 
for textbooks we have - manipulates are 'frills' and viewed by most as 
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Results; Problem Solving - Mathematics 
Table 4 shows the percentage of the respondents selecting each choice for 
each of the four questions for grades K-2 and 3-5# As can be seen in Table 4, 
respondents indicated moderate orientation toward problem solving in grades 
K-2 as 47% of the time response option 3 (sometimes) was chosen and 25% of the 
time response option 4 (fairly often) was chosen. There was somewhat more of 
a problem-solving orientation in grades 3-5 as response option 3 was selected 
34% of the time while response option 4 was chosen 47% of the time* The 
increased importance of problem solving in the higher grades was found to be 
statistically significant as shown by the t-test reported for question 1 in 
Table 5. Note that all t-tests reported in Table 5 were statistically 
significant well beyond the £<.01 level chosen for this study. 

The second question addressed was that of the number of minutes per week 
spent on activities designed to foster higher-level thinking skills. In the 
primary grades, time spent per week was reported to be 1 to 59 minutes 
(response option 2) 52% of the time and 60 to 119 minutes (response option 3) 
31% of the time (Table 4). For grades 3-5, more time was spent developing 
higher-level thinking skills as 45% of the respondents chose 60 to 119 minutes 
and an additional 20% chose 120 to 240 minutes (Table 4). The t-test for 
question 2 (Table 5) indicated that significantly more time was spent 
fostering higher-level skills in grades 3-5 than in grades K-2. 

The third question addressed commitment to teaching problem solving by 
assessing the frequency with which non-text problem-solving activities were 
used in classrooms. The response chosen 41% of the time for grades K-2 was 
one to three times per month (response option 2). Four to six times per month 
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Table 4 

Response Percentages for Each Question for Grades K-2 and Grades 3-5 (N=317) 



Question 



Grades K-2 



0 1 2 3 4 5 



1« Curriculum geared 

toward problem solving 
and understanding of 
broad concepts 8 

2. Weekly time spent 
fostering "higher 
level" thinking skills b 

?>• Times per month 

activities not found in 
textbooks are brought 
in to promote problem 
solving and "higher 
level" thinking skills 0 

4« Importance of problem 
solving and promoting the 
development oZ thinking 
skills in textbook 
selection** 



Grades 3-5 
0 1 2 3 4 5 



3 18 47 25 7 



2 3 52 30 10 3 



2 13 41 26 11 7 



5 3 23 36 28 5 



0 6 34 47 13 



2 1 27 45 20 5 



1 10 31 35 15 8 



4 2 15 36 36 7 



*1 




practically never 


2 




once in a great while 


3 


= sometimes 


4 




fairly often 


5 




very often 






t>1 




none 


2 




1 to 59 minutes 


3 


= 60 to 119 minutes 


4 




120 to 240 minutes 


5 




more than 240 minutes 






c 1 




almost never 


2 




1 to 3 times/month 


3 


= 4 to 6 times/month 


4 




7 to 9 times/month 


5 




10 or more times/month 




d 1 




were not factors 


2 




considered occasionally 3 


= considered often 


4 




considered extensively 5 




were the main factors 
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Table 5 

Means, Standard Deviations, and t-Test Results Comparing Problem Solving 
Orientation in Grades K-2 to Grades 3-5 



Question 



Grades K-2 Grades 3-5 
N M SD H SD 



1. Curriculum geared 
toward problem solving 
and understanding of 
broad concepts 8 

2. Weekly time spent 
fostering "higher 
level" thinking skills b 

3* Times per month 

activities not found in 
textbooks are brought 
in to promote problem 
solving and "higher 
level" thinking skills 0 

4» Importance of problem 
solving and promoting the 
development of thinking 
skills in textbook 
selection** 



306 3.15 0.88 3.66 0.80 



-11.23** 



300 2. 55 0. 82 3. 04 0.86 -1 1 . 56** 



300 2.57 1.10 2.81 1.08 - 5.20** 



290 3.09 0.92 3.32 0.90 - 6.99** 



a 1 




practically never 


2 




once in a great while 


3 


= sometimes 


4 




fairly often 


5 




very often 






t>1 




none 


2 




1 to 59 minutes 


3 


= 60 to 119 minutes 


4 




120 to 240 minutes 


5 




more than 240 minutes 






c 1 




almost never 


2 




1 to 3 times/month 


3 


= 4 to 6 times/month 


4 




7 to 9 times/month 


5 




10 or more times/month 




dl 




were not factors 


2 




considered occasionally 3 


= considered often 


4 




considered extensiv 


\Ly 5 




were the main factors 







*£<.01, **£<.001 
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(response option 3) was selected 260 of the time and seven to nine times per 
month was selected 110 of the time (Table 4). For grades 3-5, one to three 
times per month was chosen 310 of the time, four to six times per month was 
chosen 350 of the time, and seven to nine times per month was chosen 140 of 
the time (Table 4). As shown in Table 5, the frequency with which non-text 
problem-solving activities were used was significantly greater for grades 3-5 
than for grades K-2. 

The final survey question dealt with the extent to which problem solving 
had been a factor in textbook selection. As with the other qie^tions, 
problem-solving and critical-thinking skills were issues of moderate 
importance in text selection. In grades K-2, problem solving and thinking 
skills were "considered occasionally" (response option 2) 230 of the time, 
"considered often" (response option 3) 360 of the time and "considered 
extensively" (response option 4) 280 of the time. In grades 3-5, problem 
solving and thinking skills were considered occasionally 150 of the time, 
considered often 360 of the time, and considered extensively 360 of the time. 
The difference in importance of problem solving and critical thinking between 
grades K-2 and 3-5 was statistically significant with these skills being of 
higher importance in grades 3-5 (Table 5). 

Discussion t Problem Solving - Mathematics 

The data presented indicate that in general, problem solving is an issue 
of varying importance in elementary schools. The high response rate to the 
survey make the findings resonably generalizable across the midwest and 
probably other regions as well. The fact that moet responses to all of the 
questions were in the middle categories (response options 2, 3 and 4, Table 4) 
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implies that problem solving and critical thinking are of moderate importance 
in the high majority of schools. The very small percentages of responses 
marked "unable to answer" (Table 4) show that individuals completing the 
survey felt they knew enough about problem solving instruction in their 
schools to answer questions about it. The statistically significant t-tests 
shown in Table 5 make it clear that problem solving and critical thinking are 
viewed as being more important in the upper elementary grades (3-5) than in 
the primary grades (K-2). The fact that problem solving was viewed as at 
least somewhat important in the primary grades may be a belief, such as that 
expr-3sed by Bruni (1982) and Wheatley and Wheatley (1984) that problem 
solving is an appropriate topic for primary-grade children. Modest acceptance 
of problem solving as a focus in the primary grades could also be a reflection 
that new mathematics textbooks include problem solving at all grade levels. 

A limitKg factor in the validity of the data reported here is that tha 
questionnaires were sent to and predominantly completed by elementary school 
principals. However, the fact that questionnaires completed by classroom 
teachers contained responses that were not significantly different from those 
of the principals is an indication that the principals did know enough about 
the teachers in their schools to accurately respond to the instrument. 

A final factor to consider when looking at these rssults is that they are 
indicative of the "average" teacher in a school. Undoubtedly, there are 
teachers who are doing an outstanding job of teaching problem solving and 
critical thinking to their students. As one principal commented, "I regret 
these answers! We have a few teachers of our 48 who certainly score much 
higher, but the norm is indicated." 
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In summary, it is safe to say that problem solving is of moderate 
importance in a majority of elementary schools. In addition, problem solving 
is of high importance ir* a few schools and of almost no importance in a few 
others. As a general rule, problem solving is of greater importance in the 
upper as opposed to the lower elementary grades • Progress is being made in 
improving problem-solving instruction. As one respondent stated, "1 believe 
very much in the ideas mentioned. I believe teachers can be convinced 
(without muc' .rouble) to begin these type of activities, " In short, 
effective problem-solving instruction in mathematics is a goal that some 
schools, but certainly not all, are beginning to meet. 

Results: Computers - Mathematics 
Table 6 shows the percentage of the respondents selecting each choice for 
each of the four questions for grades K-2 and 3-5. As can be seen in Table 6, 
66% of the respondents indicated students in grades K-2 used computers 1 to 30 
minude the concrete experiences students need to gain initial understanding of 
concepts. Herbert (1985) spoke of the motivational advantages of using 
manipulatives to teach mathematics. The introduction of calculators and 
computers into our society, has, if 1 to 30 minutes per week to practice 
previously learned materials while 34# indicated students used computers for 
drill and practice 31 to 60 minutes per week (Table 6). Only 11# of students 
in grades K-2 and 5% of students in grudes 3-5 were reported as not using 
computers at all (response option 1) for practicing previously learned 
materials. Table 7 shows comparisons between computer use in grades K-2 and 
3-5 for €»ach of the four categories of computer use considered. As can be 
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Table 6 

Response Percentages for Each Question for Grades K-2 and Grades 3-5 (N=317) 



Weekly time spent using 
computer to: 


1 


Grades 
2 3 


K-2 
4 


5 


1 


Grades 
2 3 


3-5 

4 5 


i • rracii pr© viouBxy learnea 
material 


11 


66 


20 


2 






54 


34 




2. Learn r^w material 


35 


56 


8 


1 


0 


29 


55 


13 


2 1 


3. Learn by computer simulation 


46 


47 


5 


1 


1 


26 


55 


14 


4 1 


4* Develop problem-solving and/or 
"higher-level" thinking skills 


42 


50 


6 


2 


0 


21 


58 


15 


5 1 



Note : 1 = not at all 2 = 1 to 30 minutes 3 = 31 to 60 minutes 

4 = 61 to 120 minutes 5 = more than 120 minutes 
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Table 7 

Means, Standard Deviations, and t-Test Results Comparing Computer Utilization 
in Grades K-2 to Grades 3-5 (N=317) 



weeKiy rime spent using 
computer to: 


Grades 
M 


K-2 

SD 


Grades 
H 


3-5 

SD 


t 


1. Practice previously learned 
material 


2.15 


.68 


2.45 


.73 


- 7.59** 


2. Learn new material 


1.76 


.66 


1.92 


.76 


- 4.89** 


3. Learn by computer simulation 


1.64 


.70 


2.00 


.80 


- 9.63** 


4« Develop problem-solving and/or 
"higher-level" thinking skills 


1.68 


.69 


2.07 


.77 


-10.43** 



Note : 1 = not at all 2=1 to 30 minutes 3 = 31 to 60 minutes 

4 = 61 to 120 minutes 5 = more than 120 minutes 



*£<.01, **£<.001 
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seen from the first comparison in Table 7 , computers were used to practice 
previously learned material more often in grades 3-5 than in grades K-2* Note 
that all Jt-tests reported in Table 7 were statistically significant well 
beyond the £<.Q1 level chosen for this study. 

The second question asked of respondents was the extent to which 
computers were used to learn new material* In other words, they were asked to 
indicate the extent to which tutorial programs were used to teach mathematics* 
As can be seen from Table 6, 3% of students in grades K-2 did not use 
mathematics tutorials while an additional 56# used them no more than 30 
minutes per week* In grades 3-5. ?.9% of 3tudents did not use mathematics 
tutorials and 55# used tham 30 minuses per week or less (Table 6)* While 
students did not often use computers to learn new material in either of the 
grade level categories surveyed, they used them sigr:* f icantly more often in 
grades 3-5 than in grades K-2 (Table 7)* 

The third item on the questionnaire dealt with teaching mathematics by 
way of a computer simulation* In grades K-2, 4656 of the pupils were reported 
as not using computers for simulations and and additional 47% were reported as 
using computers for simulations 30 minutes per week or less (Table 6)* In 
grades 3-5, 26% of pupils were not using simulations while 55# were using 
simulations up to 30 minutes per week and 14 percent were using simulations 31 
to 60 minutes per week (Table 6), Computer simulations were used to help 
students learn mathematics significantly more often in grades 3-5 than in 
grades K-2 (Tablo 7). 

The final question required an estimate of the extent to which pupils 
were using computers to develop problem-solving and higher-level thinking 
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skills. As was the case with tutorial and simulation applications of the 
computer, problem-solving applications were used infrequently. In grades K-2, 
42# of students did not use a computer for problem solving while 50# used a 
computer for problem solving 1 to 30 minutes per week (Table 6). In grades 
3**5> 21 # of students did not use the computer for problem solving, 58% used a 
computer for problem solving 1 to 30 minutes per week, and 155? used a computer 
for problem solving 31 to 60 minutes per week (Table 6). Paralleling findings 
for questions 2 and 3, problem-solving applications of the computer were more 
prevalent in grades 3-5 than in grades K-2 (Table 7). 

Discussion; Computers - Mathematics 
The high return rate on the questionnaire (7658) indicates the results 
reported here are generalizable throughout and possibly beyond the State where 
data were collected. Tn general, the findings of this study agree with 
findings frcTi other recent studies of computer usage in elementary schools. 
Drill and practice was the most frequent type of computer utilization as 
suggested by Elron (1983) and Long (1985). Paralleling findings of Dickey and 
Kherlopian (1987), tutorial, simulation, and problem-solving software were 
used in some classrooms but not used in many others. Software quality, often 
thought to be a carrier to computer utilization, was rarely noted as a problem 
in the comments section of the questionnaire. This result matches that of 
Becker (1986) who reported that poor quality software was not nearly the 
problem that lack of equipment was in the schools he studied. 

Studies comparing primary to intermediate grade use of computers were 
not found in the literature review. The current finding of significantly 
greater computer use at the intermediate level, however, is believable as 
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students in the upper elementary grades are better readers and thus more able 
to use CAI software without extensive assistance. 

One factor that needs to be remembered in interpreting the findings of 
this study is that the data »re indicative of the "average" pupil in a school. 
As computer utilization within an elementary school commonly varies 
considerably by teacher (Kloosterman et al., 1987), it is probable that some 
students are using computers to learn mathematics quite frequently while 
n+hers are probably using computers infrequently if at all. 

In summary, it is safe to say that computers are currently available in 
most elementary schools. Rather than just programming, they are being used to 
teach and practice academic subject matter which was formerly presented 
through lecture or printed material. Simulation and problem-solving software 
force students into critical thinking about topics not frequently addressed 
before computers were available. Computers are used for mathematics 
instruction more frequently in intermediate than in primary grades but they 
are used, at least for drill and practice, in a substantial majority of 
primary classrooms. In short, the goal of taking full advantage of computers 
for mathematics instruction has yet to be attained but progress is being made 
at a faster pace than may have originally been expected. 
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Results: Manipulatives - Science 
The results of the statewide survey ar^ broken down and analyzed according 
to the: (1) quantity of manipulatives, (2) use of manipulatives, (3) 
implications oC manipulatives, and (4) manipulatives and textbooks. The 
findings are discussed by way of mean responses, standard deviations, and 
percentage of response per rating category. Also, tests of significance 
between grades K-2 (lower level) and grades 3-5 (upper level) responses are 
discussed. 

Quantity of Manipulatives : 

When considering the amount of commercial hands-on materials available 
(Table 8), it was found that upper elementary school classrooms (K-2) have 
significantly more (M= 3*4> SD=1.3) manipulatives than lower elementary 
classrooms (M=3.1, SDs1.5). A t-value of 7.1 was found to be significant at 
the 0.001 level. In grades K through 2, the distribution of responses was 
fairly uniform as 42% of the respondents indicated less than 40% of their 
teachers had commercially-made manipulatives available and 41% indicated more 
than 60% of their teachers had commercial lynmade manipulatives available. In 
grades 3 through 5, responses were skewed more toward teachers having 
commercially-made manipulatives as 55% of the respondents indicated 60% or 
more of their teachers had commercially-made manipulatives available for use. 

Teacher-made manipulatives for science teaching were available somewhat 
more often than commercially-produced materials (Table 8). Upper elementary 
school teachers (M=3.5> SD=1.2) have significantly more (t=3.3, p<0.001) 
teachernnade manipulatives than lower elementary school teachers (H=3.4, 
SD=1.3). Only one-fourth of the respondents, however, reported that all of 
the teachern in their schools possessed teacher-made manipulatives for the 
teaching of science. 



ERLC 



47 



TABLE 8 



43 



SCIENCE HANDS-ON TEACHING-LEARNING UTILIZATION 
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Use of Manipulatives ; 

The use of manipulatives during science teaching aspect of the 
instrument included questions on: (1) days per year pupils use hands-on 
manipulatives, (2) time per week spent on hands-on teaching, and (3) time per 
week spent on non-hands-on teaching (Table 8). The number of days per school 
year that pupils use hands-on materials, manipulatives, or physical models 
(either commercial or teacher-made), in upper elementary classrooms (M=*3.1, 
SD=1.0) was significantly greater (t=3.5, p<0.001) than the number of days 
that lower grade level classes used such materials (M=2.9, SD=1.1). 
Approximately 30% of all elementary classrooms employed hands-on materials 
for 22 to 41 days per year; only 8% of all classrooms utilized manipulatives 
90 or more days. Ten percent of the classrooms at the lower grade levels and 
6% at the upper level employed hands-on materials less than 10 days during a 
given school year. 

An additional question on the survey addressed the issue of the average 
minutes per week (Table 8) devoted to the hands-on teaching of science. 
Classrooms at the upper elementary school level (M=r2.5, SD=0.8) used 
manipulatives significantly more (t=4.5, p<0.001) minutes per week than lower 
elementary school classrooms (M=2.3, SD=0.7). Respondents indicated that 
approximately 70% of the lower grade level and 6056 of the upper grade level 
classrooms used hands-on materials but used them less than 60 minutes per 
week. Less than 2% of all elementary classrooms employ an inquiry approach 
for more than 240 minutes per week. 

As shown in Table 8, the number of minutes per week that students 
experienced non-manipulative science teaching was somewhat greater than the 
number of minutes of hands-on construction. In most cases non-manipulative 
instruction consisted of reading about science in a textbook series. 
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Classrooms at the upper elementary school level (M=3*3, SD=0.8) experienced 
significantly more (t=7.9, p<0.001) nou-hands-on science time than lower 
level classrooms (M=2.9, SD=0.9). Approximately 40% of all elementary 
classrooms engaged in non -manipulative science activities for 60 to 120 
minutes per week. Respondents also indicated that 27% of the lower and 44% 
of the upper elementary school classrooms experience- more than 120 minutes 
per week of non-inquiry-oriented science. Sadly enough, 3% of the lower and 
2% of the upper level classrooms had no science at all. These data reflect 
additional sad tones when considering less than an hour of science per week 
was taught in 30% of the lower and 15% of the upper elementary school 
classrooms reported. 

Applications of Hands-On Instruction ; 

Two basic areas (Table 8) where there are direct implications from the 
use of manipulatives are; (1) to facilitate the understanding of concepts, 
and (2) to enhance the problem solving process. With respect to the first 
area, information was sought concerning the extent to which manipulatives are 
used to help pupils "learn the rules" for measuring, estimating, etc. rather 
than understand how or why these rules work. Specifically, during science 
activities hands-on materials might be used to Lsarn the rules for graphing, 
operationally defining, variable identification, classification, etc. 
Classrooms at the upper elementary school level (M=3.1, SD=0.9) employed 
manipulatives significantly more (t=3.3, p<0.001) to learn rules than 
classrooms at the lower elementary level (H=2.9, SD=0.9). Six percent (656) 
of the respondents did not feel they could respond to this dimension and 4% 
said their teachers never employed hands-on materials for the purpose of 
learning rules. Surprisedly, 456 of the schools utilized manipulatives only 
for learning rules. 
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The use of manipulatives to enhance the problem solving process (Table 
8) might specifically include situations where materials are used for 
explaining inductive and deductive approaches, setting up controlled 
experiments, doing science fair projects, etc. Classrooms at the upper 
elementary school level (M=3.3, SD=1.0) had experienced significantly more 
(t=3.7 f p<0.001) activities where manipulatives were used to promote problem 
solving than classrooms at the lower grade levels (M=3.2, SD=1.0). Roughly 
4% of all elementary schools were not in a position to respond to the 
concern, and an additional 3% had never used manipulatives for this purpose. 
On the positive side approximately 6% of all elementary classrooms employed 
hands-on materials to enhance problem solving ability most, if not all, of 
the time. 

Manipulatives and Textbooks ; 

An additional dimension of the study (Table 8) focused on the amount of 
influence hands-on materials, manipulatives or physical models had on 
textbook selection. Classrooms at the upper elementary school level (M=3.3, 
SD=1.0) possessed textbooks which were significantly influenced more (t=3.7, 
p<0.001) by the incorporation of activities involving hands-on experience 
than classrooms at the lower grade levels (M=3.2, SD=1.0). Some 7% of the 
respondents were unable to determine whether this was a consideration in 
their text selection. Also, on a negative note, an additional 4# of the 
schools reported that manipulative usage was not a factor considered during 
the selection process. On the brighter side approximately 956 of the schools 
noted that the incorporation and promotion of manipulatives was the main 
factor in selecting a textbook o 

Conclusions 

When taking into account all of the concerns about manipulatives or 
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hands-on materials considered in this study, the percent of teachers having 
teacher-assembled hands-on manipulatives accessible Has rated the highest for 
both the lover grades (K-2) and the upper grades (3-5)* About 50% to 60% of 
elementary school teachers have these materials to use* Also, contrary to 
popular opinion, most elementary schools report teaching science in some 
capacity. Grade level differences in use of manipulatives and hands-on 
materials were apparent on all study dimensions* Upper grade level teachers 
used materials and taught science significantly more than lower grade level 
teachers* 

Comments provided on some of the returned instruments reflected more 
concern about hands-on materials availability than was apparent from 
responses to specific questions. For erample, one respondent noted that 
commercial hands-on materials are beyond the budgets of elementary schools, 
and another reported that several teachers have indicated that they would 
like to use more manipulatives and models if the funding were available for 
the purchase of them or the materials to make them. 

In addition, the data reported here indicate that manipulative 
activities are being used to help pupils build conceptual models of science 
ideas* A response to such concerns cannot be determined from a large-scale 
survey of this type* It seems apparent from this study that non-nnanipul&tive 
science instruction is still the norm in the area where data were collected* 
The extent to which teachers and principals see a need to improve instruction 
through an appropriate introduction of manipulatives is unclear, although 
comments provided on some of the instruments provide cause for optimism* One 
respondent noted that teachers are • . • "book" oriented and need to use 
hands-on materials much more than they do* 

Based on the above findings and suggested inferences, the following 
conclusions have been drawn: 
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• On the average about half of the teachers have hands-on manipulatives 
available in their classrooms. The percentage of classrooms with 
c.mmercially available science manipulatives is a little higher than 
the percentage of classrooms with teacher-assembled science 
manipulatives. In addition, teachers in the upper elementary graces 
have more science manipulative^ than lower grade level teachers. 
There is also considerable variation from school to school in terms 
of the findings, 

• On the average, teachers use hands-on science materials about 30 days 
a year j however, this figure varies considerably from school to 
school, 

• Hands-on science materials are used to help students both "learn the 
rules" for a procedure and to understand broad concepts. The 
materials are used for these purposes a little more in the upper 
grades than in the lower grades, 

• On the average, lower grade level teachers spend about 70 minutes per 
week teaching science with manipulatives and 90 minutes per week 
teaching science without manipulatives. For teachers at the upper 
grade levels, these amounts are slightly higher. Anecdotal data 
reflect that these figures may be too high. 



Results; Problem Solving - Science 
The dimensions investigated were: (1) curriculum orientation toward 
problem solving and understanding broad concepts, (2) weekly amount of time 
engaged in promoting higher-level thinking skills among pupils, (3) quantity of 
time spent monthly engaged in non-textbook problem solving activities, and (4) 
the importance of problem solving and thinking skills development in the most 
recent textbook sexection. The findings and commentary have been geared toward 
a comparison of the lower elementary school grades (K thru 2) and the upper 
elementary school grades (3 thru 5). Percentages, mean scores, and standard 
deviations also have utilized to make descriptive quantitative comparisons. 



Curriculum Orientation : 

The focus of this dimension was on the extent to which the science program 
is geared toward problem solving and understanding of broad concepts as opposed 
to following the rules to get an answer to a science question. Activities 
might lead to understanding cohension, a cell, sound, controlling variables, 
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etc. The science curriculum (Table 9) at the upper elementary school level 
(M=3-7, SD=0.9) was found to have a significantly greater (t=12.3, p<0.001) 
emphasis on problem solving and broad concept development than the science 
program at lower grade levels (M=3*0, SD=0.9)« Less than one percent of the 
schools revealed that they never employed these strategies (0.6% for lower 
grades and 0.3% for upper grades). On a really positive note 58% of the 
schools indicated that upper grade level teachers utilize these approaches 
fairly often to very often. At the lower grade levels 6458 of the schools nottd 
that teachers emphasize problem solving and broad concept understanding once in 
a great while to sometimes. 

Amount of Problem Solving : 

This dimension possessed two areas of investigation. The first concern 
involved an approximate number of minutes per week pupils spend on activities 
designed to xoster "higher level" thinking skills. During science activities 
pupils might apply science concepts to new situations, learn about inductive 
and deductive approaches, create controlled experiments, etc. Classrooms 
(Table 9) at the upper elementary school grade levels (M=2.7, SD=0.9) spent 
significantly more (t=12.8, p<0.001) time per week nurturing higher-level 
thinking skills than their counterparts at the lower grade levels (M=2.2, 
SD=0.7). At the lower level grade levels 80% of the reporting elementary 
schools revealed that 1 to 119 minutes (0 to 2 hours) were utilized in 
activities which promoted higher order skills 1 development. At the upper 
elementary school grades roughly 16# of the classrooms experienced 120 to more 
than 240 minutes (2 to more than 4 hours) per week. 

The second concern focused on the frequency with which teachers bring in 
activites beyond those found in the textbook that promote problem solving and 
the development of higher-order thinking skills. The science programs 
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(Table 9) at the upper grade levels (M=2.9» SD=1.1) experienced significantly 
more (t=*7*9, p<0.00l) nontextbook problem solving and higher order skills 1 
development activities than the organized science curricula at the luwer grade 
levels (M=2.5, SD=1.0). At the lower grade levels 70J6 of the elementary 
schools indicated that nontextbook activities were implemented one to six times 
per month. At the upper elementary school grades 50% of the classrooms 
experienced beyond-the-textbook approaches for promotion problem solving and 
higer-order skills development four to nine times per month. 

Problem Solving/Hi^ner-Order Thinking Priorities : 

The emphasis of this dimension focused on ho* much a factor the teaching 
of problem solving and promoting the development of thinking skills were in the 
most recent (or current) textbook selection process. Textbook selection (Table 
9) at the upper elementary grade levels (M=3.0, SIMD.9) was influenced 
significantly more (t=7.9, P<0.001) by these factors than were textbooks 
selected at the lower grade levels (M=2.8, SD=0.9). These factors were 
considered occasionally or often at the lower elementary school grade levels by 
61% of the report .d elementary schools. At the upper grade level* 605? of the 
elementary schools reported that these factors were considered often or 
extensively in the textbook selection process. 

Discussion 

When considering the four dimensions associated with problem solving and 
high-order thinking skills development, the concern of the weekly amount of 
time spent in promoting problem solving/higher-order thinking skills was rated 
the lowest at both the lower grade and the upper grade levels. The aspect 
rated the highest for both the lower and upper grade level was associated with 
the science curriculum orientation toward problem solving and understanding of 
broad concepts. Significant differences were found between the lower and upper 
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grade levels on all four dimensions. The concern exhibiting the greatest 
disparity between the grade levels was the weekly amount of time engaged in 
promoting higher-order thinking skills among pupils. The least amount of 
discrepancy between the levels was associated with the concerns of quantity of 
time spent monthly engaged in non-textbook problem solving activities and the 
importance of problem solving and thinking skills development in the most 
recent textbook selection. 

Basically, the only conclusion to be generated is that the implementation 
of activities that promote problem solving ability, higher-order skil^a 
development, and the understanding of broad concepts in science are goals of 
moderate importance. They are somewhat more important at the upper elementary 
school grade levels (3 thru 5) than they are at the lower grade levels (K thru 
2). 

A final critical factor to consider is that results reported here are 
indicative of the "average" teacher in an elementary school. Undoubtedly, 
there are teachers who are doing an outstanding job of teaching problem solving 
and critical thinking to their pupils. One principal noted that there are a 
few teachers who certainly score much higher, but the norm was indicated. 

In summary, it is safe to assume that problem solving is of moderate 
importance in a majority of the elementary schools. In addition, problem 
solving is of high importance in a few schools and of almost no importance in a 
few others. As a general rule, problem solving is of greater importance in the 
upper as opposed to the lower elementary grades. Progress is being made with 
respect to enhancing problem-solving instruction. One respondent reported that 
teachers can be convinced (without much trouble) to begin these type of 
activities. In short, pre *ess is being made toward the goal of effective 
problem-solving science instruction, but there is still room for improvement;. 



ERLC 



57 



53 

Results; Computers - Science 

The dimensions examined included the number of minutes per week that an 
average pupil used the microcomputer, either alone or in & small group to: (1) 
practice previously learned materials, (2) learn new information or subject 
matter, (3) learn by way of a computer simulation, or (4) attempt to develop 
problem solving and/or higher-order thinking skills. These concerns will be 
analyzed by way of the lower (grades K-2) and upper (grades 3-5) grade levels. 
Quantitative relationships and differences will be illustrated by way of 
percentages, means, standard deviations, and t-values. 

It should be noted that the respondents were given special instructions. 
If local computer activities fell into more than one of the four categories, 
responses were to be placed in the category or associated with the dimension 
where they fit best. 4ny computer activity that did not appear to fit into any 
category or be associated with any of the four dimensions was to be considered 
as part of the category which fit that activity most closely. 

Drill and Practice ; 

When considering drill and practice on previously learned materials (Table 
10), classrooms at the upper elementary school level (M=1.8, SD=0.8) engaged in 
significantly more (t=9.5, p< 0.001) of this activity than classrooms at the 
lower grade levels (M=1.5, SD=0.6). These data reflect that on the average, 
elementary school pupils sp between zero to 30 minutes per week working on 
computer programs featuring science drill and practice activities. At the 
lower grade levels 54% of the classrooms do not have pupils working on drill 
and practice programs at all; at the upper grade levels 8956 of the classrooms 
are represented by a total lack of or only up to 30 minutes per week of 
computer drill and practice time. A possible explanation for these results is 
the lack of microcomputers in the elementary school. There are no schools 
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where pupils spend more than 120 minutes per week in computer drill and 
practice exercises. 

Learning New Materials : 

The introduction of new science information by way of the computer (Table 
10) occurred significantly more often (t=7.6, p<0.001) at the upper elementary 
school jjrades (Mr=1.7, SD=0.7) than at the lower grade levels (M=1.4„ SD=0.6). 
When considering all grade levels, little (up to 30 minutes) or no time per 
week was spent learning new science material by way of the computer. Some 6058 
of the teachers at the lower grade levels and 45# of the upper level teachers 
do not use computer-driven science informational programs. Approximately 91 % 
of all teachers at all grade level** either do not use informational materials 
or if they do, it does not exceed 30 minutes per week. 

Simulation Exercises : 

Many computer simulations of science processes are currently available. 
Examples include the flow of blood in the human body, the food web in a lake, 
life cycle of a frog, reproduction of a cell, e^c. Computer simulations of 
science processes took place (Table 10) at the upper elementary school level 
(M=1.6, SD=0.7) significantly more often (t=9.4, P<0.001) than they did ir. 
lower grade classrooms (M=1.3, SD=0.6). It should also be noted that 
simulation software was used less often then drill and practice software. This 
might be attributed t" the higher cost of commercial simulation programs. A 
second viable explanation is that simulations usually require more explanation 
by the teacher -\nd thus are viewed as harder to use than drill and practice 
programs. At the lower grade levels, 74% of the classrooms surveyed provided 
no science simulation programs whereas about half (53%) of he upper elementary 
school classrooms provided no science computer simulations. There are no 
elementary schools where pupils are involved with computer simulation software 
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more than 120 minutes per week. 

Problem Solving Episodes ; 

The development of higher-order thinking skills by way of computer-driven 
problem solving programs is the focus of this dimension (Table 10). Classrooms 
at the upper grade levels (M=1.7, SD=0.8) participated in a significantly 
greater (t=8.5, p<0.001) amount computerized problem solving activities than 
their counterparts at the lower grade levels (M=1.4, SD=0.6). These data 
reveal that problem solving episodes delivered by way of microcomputers occurs 
somewhere between not at all and 1 to "0 minutes per week. At the lower grade 
levels 63% of the classrooms and 45# of the classrooms at the upper grade 
levels do not engage in any computerized problem solving activities. No 
classrooms at either level engaged in more than 120 minutes per week of problem 
solving activities delivered by way of the computer. 

Additional Commentary 
Although there is currently little emphasis on computer applications for 
science teaching in the elementary school, there is some light at the end of 
the tunnel. Much of the lack of activity can be attributed to the absence of 
microcomputers in many elementary schools, especially at the lower grade 
levels. Software quality, often thought to be a barrier to computer 
utilization, was rarely noted as a problem in the comments section of the 
instrument. This result coincides with that of Becker (1986) who reported that 
poor quality software was not nearly as much of a problem as was lack of 
equipment. 

In terms of the four science-oriented computer applications, the 
classrooms at the upper graa*-* levels experienced significantly greater activity 
in all four areas when compared to the lower grade levels. The areas of 
greatest discrepancy between the levels were the use of drill and practice 
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software and science simulation programs. The application which enjoyed the 
most utility at both levels was drill and practice, and the application 
receiving the least attention was the use of science simulations. These 
findings are consistent with those of Elron (1987) who urged greater use of 
simulation programs. In addition, these results are similar to those of Dickey 
and Kherlopian (1987) who found that tutorial, simulation, end problem solving 
software were used in some classrooms, but not used in many others. 

Students use computers to learn science infrequently in the upper 
elementary school grades and rarely in the lower grade levels. Studies 
comparing lower to upper grade use of microcomputers were not found in the 
literature. The current finding of significantly greater computer use at the 
upper level, however, is understandable as pupils in the upper elementary 
grades are better readers, and thus more able to use computer software without 
extensive assistance. 

Finally, it is safe to assume that computers are currently available in 
most elementary schools (Becker, 1.,86). Rather than just programming 
activities, they are being used to teach and practice science subject matter 
which was formerly presented through lecture or printed material. Simulation 
and problem-solving software guxde pupils into critical thinking about topics 
not frequently addressed before computers were available. The objective of 
taking full advantage of microcomputers for science instruction has yet to be 
attained, but progress appears to be at a faster pace than may have originally 
been expected. 

Results: Inservice - Mathematics and Science 
The two areas of attention for inservice preparation were: (1) the use of 
hands-on manipulatives for problem solving and (2) computer-assisted or managed 
instruction. The findings have been analyzed by way of the upper grade levels 
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TABLE 11 

INSERVICE PREPARATION FREQUENCY FOR SCIENCE AND MATH 



Inservice 
>v Areas 

Teaching 
Areas 


Hands-On Manipulations 
and/or Problem Solving 


Computer-Assisted 

or Managed Instruction 


Science 








Grades K-2 
Mean 
SD 

Grades 3-5 
Mean 
SD 

t-value 

Significance Level 


2.14 
1.23 

2.15 
1.22 

0.3 

0.7(na) 


2.17 
1 .22 

2.24 
1.21 


3.5 
0.001 


Math 








Grades K-2 
Mean 
SD 

Grades 3-5 
Mean 
SD 

t-value 

Significance Level 


2.42 
1.30 

2.42 
1.29 

0.1 

0.9(ns) 


2.62 
1.27 

2.64 
1.25 


1.2 

0.2(ns) 


Science vs. Math 








Science 
Mean 
SD 

Math 

Mean 

SD 

t-value 

Significance Level 


2.14 
1.07 

2.42 
1.28 

3.1 
0.001 


2.21 
1.20 

2.63 
1.24 


4.6 
0.001 
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that overwhelming, math sessions were conducted two or more times per semester 
in 10# of the elementary schools surveyed whereas science inservice was 
occurring only in about 6% of the elementary schools. At the less positive end 
of the spectrum, approximately 44* of the elementary schools reported that 
science inservice occurred less than once every two years whereas 3556 signified 
that math inservice took place during the same time interval. 

Computer-Based Instruction ; 

!fhe frequency of computer-assisted or managed instruction (Table 11) ' 
inservice preparation session is little more promising. In view of science 
activities teachers at the upper grade levels (M=2.24, SD=1.21) engaged in 
significantly more (t=3.5, p<0.001) computer-oriented workshops than lower 
grade level teachers (M=2.17, SD=1.22). These data indicated that science- 
related computer-assisted or managed instruction inservice activities were 
engaged in once every two years to once a year. Somewhat astonishing is that 
43% of the schools at the lower level and 3956 at the upper grade levels 
reported that teachers have engaged in science-computer inservice less than 
once every two years, where 5% at all grades participated in two or more 
inservice sessions per semester. 

Turning to the mathematics side of the coin (Table 11), both the lower 
grades (M=2.62, SD=1.27) and the upper grades (M=2.64, SIM. 25) teachers 
participated in math/computer inservice preparation at about the same 
frequency. No significant differences were found between the two groups. These 
figures represent computer inservice occurring at all grade levels about once a 
year. At all grade levels some 235? of the schools reported that math/computer 
inservice activities occurred one to two or more times per semester. 

A comparison (Table 11) between the availability of science and math 
computer activities witnessed math inservice preparation (M=2.63, SD=1.24) 
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occurring significantly (t=4*6, p<0.00l) more often than sciemce inservice 
preparation (M=:2.21, SD*1.20). In the areas of science at all grade levels 
approximately 4G% of the schools reported the presence of computer-related 
inservice preparation occurring less than once in every two years, whereas for 
math the infrequent event was associated with 2556 of the respondents. At the 
more frequent end of the spectrum 9% of the teachers received math-computer 
inservice two or more times per semester whereas for the same time interval 
science was reported by only 6% of the schools* 

Conclusions 

On the average teachers received inservice instruction on the use of 
manipulatives for teaching problem solving once every one to two years. 
In3ervice preparation on computer use in the teaching of science also took 
place every one to two years. Inservice workshops on these topics in 
mathematics occurred somewhat more often. In both subject areas and for both 
workshop topics lower grade level teachers (K-2) experienced less (and in some 
instances significantly less) workshop activity than upper grade level teachers 
(3-5)* This may be attributed to several factors such as less sophisticated 
teaching content, a more integrated approach to content delivery, teacher 
apprehensiveness about engaging in inservice activities, and a lack of or fewer 
microcomputers physically stationed in lower grade level classrooms. 

When considering the two topical areas, in all cases and at both grade 
levels, computer-oriented workshops were more popular than inservice activities 
focusing on the use of manipulatives to facilitate problem solving. Much of 
this can be probably attributed to the massive push for and bandwagon presence 
of microcomputers. In addition, both federal and state levels grants have been 
readily available for inservice preparation with respect to microcomputers at 
the local school system, regional and/or statewide levels. 
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The continuous professional growth and development of elementary school 
teachers needs to be addressed. Bnphasis on career-long preparation really 
needs to be stressed at the undergraduate or preservice level. 
Interdisciplinary approaches might be emphasized in methods courses and in the 
cognate mathematics and science areas. At the inservice level teacher 
certification policies in many states need to be re-examined and updated. 
Despite much of the chaos and the perceived dysfunctionality associated with 
inservice education, many mathematics and science educators feel that the time 
has come to address these identified inservice problem areas because most 
elementary school teachers are fairly well entrenched at their jobs, possess 
tenure, and are permanently certified. More than half of the elementary 
classroom teachers have master's degrees; inservice professional development is 
a potential way to ward off obsolescence, mediocrity, stagnation, and a lack of 
what is new. 
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General Conclusions 

When interpreting the results of this study, several limitations of the 
methodology must be kept in mind* First of all, the population sampled was 
elementary school principals* While principals are supposed to be the 
instructional leaders of their schools, the extent to which they are able to 
answer questions about the practices of their teachers varies considerably. 
The fact that there were no statistically significant differences in the 
response patterns of teachers and principals on the questionnaires indicates 
that, on the average, the principals responded to the instrument in the same 
way that teachers did. In general, data of the type collected in this study 
are very good for determining whether or not there are differences between 
grade levels or between mathematics and science on the questions asked* Mean 
responses to specific questions must, however, be treated cautiously* 

Another point that needs to be kept in mind is that data reported here 
are intended as general indicators of trends in manipulatives, problem 
solving, and computers. There are certainly many classrooms where far more is 
going on in these areas than would be expected by looking at the results 
reported in this document. Unfortunately, there are many classrooms where 
there is little activity with respect to manipulatives, problem solving or 
computers. The high ate of return on the questionnaires for this Ptudy does 
indicate that all findings are generalizable throughout Indiana. 

Perhaps the most intriguing finding of this study is that principals 
report that science, in some form, is taught in most elementary school 
classrooms in the Indiana. One must view this result with caution as there is 
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little information available about what type of science is being taught. It 
is possible that a science lesson could consist of a few minutes of reading 
from a science text each week with little or no hands-on involvement by 
students. The fact that principals report that science is being taught in 
some fanhion is reason for optimism, however, as science has often been 
thought of as unimportant for elementary school students. 

At the time the current study was started, a major question was whether 
or not manipulatives were being used in elementary schools. Data from the 
study indicate that most teachers have access to manipulative materials in 
mathematics and science and do use them several times per month. An open 
question is the extent to which teachers have enough materials or the proper 
types. A related unanswered question is whether teachers use materials as 
they were intended. 

The extent to which problem solving and critical thinking are important 
goals of the elementary school was also an open question when this study was 
started. The data collected indicate that principals and teachers see problem 
solving as an important goal in the elementary school, although, cn the 
average, it does not appear to be as important as development of "basic 
skills". Again, the fact that problem solving was generally felt to be 
important is a sign that school personnel see education as encompassing more 
than the teaching of memorized facts. 

Computer related findings of this study were about as expected. Drill 
and practice is the predominant form of computer use although some teachers 
are beginning to find more creative uses of this technology. Computers are 
utilized in most classrooms, although not to the extent that they could be. 
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Clearly, teachers and pr'ncipala are realizing that they can no longer ignore 
computers and are learning enough about them to use them in some capacity. 

In summary, manipulatives, problem solving, and computers were reported 
to be at least somewhat important factors in mathematics and science 
instruction by the vast majority of individuals responding to the survey. 
Schools change slowly and thus it will take time for these changes to be 
implemented completely. The data from this study indicate that change has 
begun in Indiana but we still have a long way to go. 
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November 21, 1986 



Dear Elementary School Principal: 



Indiana University and the Indiana Association of Elementary and Middle School 
Principals jointly are conducting a study of mathematics and science teaching in 
Indiana elementary schools • The study, funded in part by the Indiana Department of 
Education, is a folloK-up to a study of high school teaching of mathematics and 
science which has just been completed. The enclosed questionnaire will provide 
valuable data about elementary school mat iematics and science in Indiana » so we ask 
you to complete it honestly and accurately by V&CQmb&i 12, 1986. Completing the 
questionnaire should only take 10 to 15 minutes. 

Many of the items on the questionnaire deal with use of "hands-on" manipulatives/ 
physical models in the classroom. By "hands-on" manipulatives, we are referring to 
objects such as counting blocks, Cuisenaire rods, balances, thermometers, physical 
models, etc. which the students themselves use. Pictures or objects which are used 
only by the teacher for demonstration purposes should not be considered manipulatives 
when you are completing this survey. 

If you are unsure about how to answer some of the questions on tae enclosed 
questionnaire, it may be useful to take a minute at a staff meeting to poll your 
teachers for the information you need to complete the items. If you think one or more 
of your teachers or curriculum coordinators could answer the questions more accurately 
than you, please ask that person, or persons, to complete the questionnaire. As this 
survey is being sent only to a limited sample of administrators in Indiana, it is 
important that we get complete and honest responses from every school that has 
received a questionnaire. Feel free to call Dr. Kloosterman or Dr. Harty if you have 
questions. We thank you in advance for your cooperation. 



Sincerely, 

Dr. H. Dean Evans 
State Superintendent 
of Public Instruction 

Indiana Department 
of Education 



Dr. Harold Harty 
Professor of 
Science Education 
Indiana University 
(812) 335-2720 
(812) 335-7184 



Dr. Peter Kloosterman 
Assistant Professor of 
Mathematics Education 
Indiana University 
(812) 335-2546 
(812) 335-4702 



Dr. Don M. Small 
Executive Director 
Indian* Association 
of Elementary and 
Middle School 
Principals 



9 

ERIC 



75 



72 



INDIANA STATEWWE ELEMENTARY SCHOOL MATH AMP SCIENCE 
UEEVS ASSESSMENT INVENTORY 



School Code No*; 

(Person(s) Filling Out Inventory) 



Title(s) 

Return to : Indiana Needc Analysis Project 
337 - Education Building 
Indiana University 
Bloomington, IN 47405 



Directions : Below are several rtatements and/or questions seeking 
information about elementary school mathematics and science 
teaching-learning. There are no correct or incorrect responses to 
the items. Your unbiased and frank reactions based on your 
observations and perceptions will truly be appreciated. Your 
responses should represent the average/typical classroom in your 
school . Please indicate your reaction by placing the NUMBER that 
represents your collective thought? on the LINE provided in the 
RIGHT HAND MARGIN. Your responses will remain CONFIDENTIAL. Thank 
you in advance for your cooperation. 



• What peAc&vtiagz o£ youA tzcLdhva* havz coimQAcicuUy-made. "liandt>-on" 
mcUtUaU/mayUpixlativu/ physical modzU avoOJLabln ion. o6e In ijoua 
6ckool: 



1 2 3 4 5 

less than 10% to 40% to 6156 to 9056 to 

10* 39% 60% 89% 100% 

Mathematics (base-ten blocks, Cuisenaire rods, attribute blocks, 
pattern blocks, etc.) 

Grades K thru 2 1 # 
Grades 3 thru 5 2. 



Science (thermometer, balance, candles, live specimens, etc.) 
Grades K thru 2 
Grades 3 thru 5 
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> itihat pzAczntagz o£ youA tzachote have, twdizA-madz ok tzachzA-zollzcAzd 
"handA-on" matznJjxl6 /manlpaijativz6/ physical modzt* avatlablz ion. uAe in 
youA school: 



less than 10% to 40% to 61% to 90% to 

10 # 39% 60* 89% 100% 

Mathematics (counting sticks, bead sticks, blocks, buttons, 
cardboard shapes, etc.) 

Grades K thru 2 5. 

Grades 3 thru 5 6. 

Science (leaf collection, tin cans, insect collection, jars, 
rock collection, rope, paper bags, etc.) 

Grades K thru 2 7. 
Grades 3 thru 5 8. 

About how many dag* pza school uzga do pupiU uaz "handU>-on" mattUaU/ 
mayUptxZaX>L\)<iA I physical modzlti [cornnzAcial on. tzachzA-madz) : 



less than 10 to 22 to 42 to 90 or 

10 21 41 89 more 

Mathematics 

Grades K thru 2 g # 

Grades 3 thru 5 10. 
Science 

Grades K thru 2 1 1 # 

Grades 3 thru 5 12. 

Whzn "handU>-on" mcLtzAAaZb/mavUpvuta^ modzlb [commzAclal on. 

tzachzA-madz) oaz ut>zd <Ln thz eZaAtnoom, to what zxtznt oaz thzy u/>zd 
to hztp pupilU "IzaAn thz jlIz&" &on computation, mzcu>uALng, Z6tanating, 
ztc. nathzA than undznAtand how on why thuz nutzb wonk: 

01 2345 

unable not used rarely, once sometimes often but most if 

to at all in a great but not not always not all of 

answer while often the time 
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Mathematics (manipulatives used to increase speed for 
computations, memorize basic facts, learn 
definitions, etc.) 

Grades K thru 2 
Grades 3 thru 5 

Science (learn the rules for graphing, operationally defining, 
variable identification, classification, etc) 

Grades K thru 2 
Grades 3 thru 5 



Men "handt-on" materials /marUpulativu/ physical modal* [contnq/iCAal on. 
tzacheA-madz) anz utzd in thz dbut>noom, to what zxtznt (Viz thzy utzd 
to get pupils to txndzratand bnoad conczpt* on to 6olvz pnoblem vokich 
nzquinz substantial cAzativz thinking: 

0 1 2 3 4 5 

unable not used rarely, once sometimes often but most if 

t0 at a11 in a great but not not always not all of 

answer while often the time 

Mathematics (manipulatives used to understand computational 

procedures, understand multi-step story problems, 
apply computations to real life problems, understand 
pattern questions, solve logic problems, etc.) 

Grades K thru 2 17 g 

Grades 3 thru 5 18. 

Science (materials used for explaining inductive and deductive 
approaches, setting up controlled experiments, doing 
science fair projects, etc.) 



Grades K thru 2 



19. 



Grades 3 thru 5 20. 

Hou) much did [uriJU] yowi school look ion. tzxU that u6z "hands-on" 
mate/uAlA /manipulative^ /physical model* in youA most nzcznt [aiAAuit) 
tzxtbook szlzction*- 



unable to was not considered considered considered was the 
answer a factor occasionally often extensively main factor 
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Grades K thru 2 21 # 

Grades 3 thru 5 22. 

Science 

Grades K thru 2 23. 

Grades 3 thru 5 24, 

• On tka awiaga hou many mimtu vqa mak axa davotzd to tha "handt-on" 
and "non-hancti-on" teaching otf 4cxence and mcuthmaUc* In eacfi dbUAMomi 

1 2 3 4 5 

None 1 to 59 60 to 119 120 to 240 more than 

minutes minutes minutes 240 minutes 

HANDS-ON 

Mathematics 

Grades K thru 2 25. 
Grades 3 thru 5 26. 
Science 

Grades K thru 2 27, 
Grades 3 thru 5 28. 
N ON -HANDS-ON: (All Teaching Except Hands-On) 
Mathemati cs 

Trades K thru 2 29. 
Grades 3 thru 5 30. 
Science 



Grades K thru 2 
Grades 3 thru 5 
COMMENTS (Optional): 



31. 
32. 
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November 21, 1986 



Dear Elementary School Principal: 



Indiana University and the Indiana Association of Elementary and Middle School 
Principals jointly are conducting a study of mathematics and science teaching in 
Indiana elementary schools. The study, funded in part by the Indiana Department of 
Education, is a follow-up to a study of high school teaching of mathematics and 
science which has just been completed. The enclosed questionnaire will provide 
valuable data about elementary school mathematics and science in Indiana, so we ask 
you to complete it honestly and accurately by PecembeA / 2, / 986 • Completing the 
questionnaire should only take 10 to 15 minutes. 

Some of the items on the questionnaire deal with the implementation of a problem 
solving/thinking skills curriculum. By "problem solving" and "thinking skills" we are 
referring to the development of the skills needed to solve problems which cannot be 
solved easily with a step-by-step procedure. Mathematical word problems for which key 
words are not very useful would be considered problem solving, as would science 
activities which focus on the development of concepts and principles as opposed to 
skill activities such as correctly using a balance. 

If /ou are unsure about how to answer some of the questions on the enclosed 
questionnaire, it may be useful to take a minute at a staff meeting to poll your 
teachers for the information you need to complete the items. If you think one or more 
of your teachers or curriculum coordinators could answer the questions more accurately 
than you, please ask that person, or persons, to complete the questionnaire. As this 
survey is being sent only to a limited sample of administrators in Indiana, it is 
important that we get complete and honest responses from every school that has 
received a questionnaire. Feel free to call Dr. Harty or Dr. Kloosterman if you have 
questions. We thank you in advance for your cooperation. 



Sincerely, 

Dr. H. Dean Evans 
State Superintendent 
of Public Instruction 

Indiana Department 
of Education 



Dr. Harold Harty 
Professc of 
Science Education 
Indiana University 
(812) 335-2720 
(812) 335-7184 



d Harty Dr. Peter Kloosterman Dr» Dan M\ Small * 



Dr. Peter Kloosterman 
Assistant Professor of 
Mathematics jflducation 
Indiana University 
(812) 335-2546 
(812) 335-4702 



Executive Director 
Indiana Association 
of Elementary and 
Middle School 
Principals 
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School Code No.: _ 

( terson(s) Filling Out Inventory j~~ 

Title(s) 

Return to : Indiana Needs Analysis Project 
337 - Education Building 
Indiana University 
Bloomington, IN 47405 

Directions : Below are several statements and/or questions seeking information about ele- 
mentary school mathematics and science teaching-learning. There are no correct or incor- 
rect responses to the items. Your unbiased and frank reactions based on your observations 
and perceptions will truly be appreciated. Your responses should represent the average/ 
typical classroom in your school . Please indicate your reaction by placing the NUMBER 
that represents your collective thoughts on the LINE provided in the RIGHT HAND MARGIN. 
Your responses will remain CONFIDENTIAL. Thank you in advance for your cooperation. 

• To vhaX dxtZYit <U yoaA cuAAiculum gzaAzd towvid pnoblm tolving and undoA- 
standing oh bnoad conczpt* cu> oppo^zd to &oM.ovoing tkz hulu" to camploXd 
a computation on gzt an anAweA to a 4otewce question? An empha&iA on 
pnoblm solving and tkz und&utan&ing o& bnoad concept* zxUt6* 

0 1 2 3 4 5 

unable to practically once in a some- fairly very 
answer never great while times often often 

Mathematics (understanding of place value and multi-step story 
problems, applying math to : al life problems, 
solving logic problems, etc.) 

Grades K thru 2 1. 



Grades 3 thru 5 2. 



Science (understanding concepts such as cell, wind, autumn, 
sound, etc . ) 

Grades K thru 



Grades 3 thru 5 



• Approximately how many minuteA peA vozzk do t>tudzn£* 4pend on actxviJxu 
duigmd to \ottQA "kigheA idvel" thinking tkiLU: 



0 1 2 3 4 5 

unable to none 1 to 59 60 to 119 120 to 240 more than 
answer minutes minutes minutes 240 minutes 



3. 
4. 
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Mathematics (applying math concepts to new situations, solving 
pattern problems, understanding of fractional parts, 
etc.) 

Grades K thru 2 5% 

Grades 3 thru 5 6. 

Science (applying science concepts to new situations, learning 
about inductive and deductive approaches, creating 
controlled experiments, etc). 

Grades K thru 2 7. 

Grades 3 thru 5 8. 

• How o^tan do taachwA b>Ung in avtivJuUu bzyond thotz hound in thz 
tzxtbook that pnomoti pnoblw solving and thz dzveZopmznt oh "higlieA 
otidvi" thinking t>\iUJU>: 

0 1 2 3 4 5 

unable to almost one to three four to six seven to nine ten or more 
answer never times/month times/month times/month times/month 

Mathematics 

Grades K thru 2 g. 
Grades 3 thru 5 10. 



Science 

Grades K thru 2 n % 

Grades 3 thru 5 12. 

• How much o^ a havton. wqaz [oaz] the. teaching oh ptioblm solving and 
promoting thz dzvzlopmznt oh thinking *kiW> in youA mo6t wlcmZ 
[cu/iAznt] tzxtbook AeZzction: 

0 1 234 5 

unable to were not considered considered considered were the 
answer factors occasionally often extensively main factors 

Mathematics 

Grades K thru 2 13 # 

Grades 3 thru 5 ' 14. 
Science 

Grades K thru 2 1 5# 

Grades 3 thru 5 16 . 

o 82 
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The following questions are about computer activities in mathematics and 
science* If some computer activities fall into more than one of the following 
four categories, respond to them only in the category where they fit best. 
Any computer activity that doesn't seem to fit into any category should be 
considered as part of the category which fit3 that activity most closely. 

• Houi many minute* pe* week wWL an aveAage, pupil uae thz compuXeA {a 9 ,onz 
on in a maJUL gtioup) to: 

1 2345 
not at 1 to 30 31 to 60 61 to 120 more than 

all uinutes mirates minutes 120 minutes 

1. PRACTICE PREVIOUSLY LEARNED MATERIALS 
Mathematics 

Grades K chru 2 17. 
Grades 3 thru 5 16. 
Science 

Grades K thru 2 19. 
Grades 3 thru 5 20. 

2. LEARN NEW INFORMATION OR SUBJECT MATTER 
Mathematics 

Grades K thru 2 21* 
Grades 3 thru 5 22. 
Science 

Grades K thru 2 23. 
Grades 3 thru 5 24 „ 

3. LEARN BY WAY OF A COMPUTER SIMULATION 

Mathematics ("operate" a lemonade stand, "run" a store, etc.) 

Grades X thru 2 25. 

Grades 3 thru 5 26. 

Science (flow 01 a drop of blood in the human body, life cycle 
of a frog, reproduction of a cell, etc.) 

Grades K emu 2 27. 

Grades 3 thru 5 28. 

S3 
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4* ATTEMPT TO DEVELOP PROBLEM SOLVING AND/ OR HIGHER ORDER THINKING 
SKILLS 

Mathematics 

Grades K thru 2 29. 

Grades 3 thru 5 30. 
Science 

Grades K thru 2 31, 

Grades 3 thru 5 32. 

• T)t6e/tutce twining /ptizpa/iation u> avcuZablz to tzachzAA in tht a/iexu o£: 
1 2 3 4 5 

less than once every once once a two or more 

once every two years a year semester times per 

two years semester 

HANDS-ON MANIPULATIVES AND/OR PROBLEM SOLVING 

Mathematics 

Grades K thru 2 33 . 

Grades 3 thru 5 34 # 
Science 

Grades K thru 2 35. 

Grades 3 thru 5 36. 
COMPUTER ASSISTED OR MANAGED INSTRUCTION 
Mathematics 

Grades K thru 2 37. 

Grades 3 thru 5 38. 
Science 

Grades K thru 2 39. 

Grades 3 thru 5 40. 

COMMENTS (optional): 



O Thank you! 
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